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Recent studies suggest that skin graft rejection and 
delayed-type hypersensitivity (DTH) are different man-
ifestations of the same mechanism. In order to investi-
gate the alloantigenicity of epidermal cells and epider-
mal Langerhans cells (LC), we used epidermal cell sus-
pensions; experiments were performed to try to induce 
DTH to alloantigens by the subcutaneous administration 
of epidermal cells. Our study establishes t.he precise 
conditions for the induction of DTH response to alloan-
tigens using epidermal cells. Transfer experiments have 
shown that effector cells were Thy-1 +, Lyt-1 +, and Lyt-
2- cells. Furthermore, the experiments using congenic 
strains of mice and grafted skin revealed the contribu-
tion of gene products coded by MHC and non-MHC, and 
a lso the epidermal LC in the induction of DTH response. 
Allograft rejection is thought to be mediated by both antibody 
and cellular mechanisms. However, the precise identity of the 
cell s involved and processes by which cells and antibodies 
induce rejection a re still largely unknown. Recently, several 
independent studies have suggested a new interpretation of 
cell -mediated a llograft rejection, and challenge the concept that 
cytotoxic T cell s mediate graft rejection [1,2]. These results 
suggest t hat a llograft rejection and delayed-type hypersensitiv-
ity (DTH) a re different manifestations of t he same mechanism 
[3]. 
Allogeneic skin grafts can induce DTH both to the gene 
products coded by the major histocompatibility complex 
(MHC) and to the gene products coded by non-MHC as as-
sessed by foo t pad swelling [4]. Subcutaneous injection of 
allogeneic lymp hoid cell s can also evoke DTH reactivity to the 
gene products coded by both MHC and non-MHC [5,6]. 
Skin is composed of epidermis and dermis. The epidermis 
has 3 major ce lls populations: keratinocytes, melanocytes, and 
Langerhans cells (LC). Recent investigations have revealed 
that LC are Ia antigen-positive [7], derived from cells originat-
ing in bone marrow [8], and possess accessory cell functions 
[9,10]. In the context of allograft immunity, the contribution 
of epidermal LC to the immunogenicity of skin grafts is a 
matter of some controversy, and in spite of the many experi-
ments that support the concept t hat epidermal LC play an 
important role in alloimmunity, there is little evidence dem-
onstrating t his because these experiments were performed using 
whole skin, which contains both epidermis and dermis. 
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Ia -positive dendritic cells have been demonstrated histo-
chemically in the interstitial connective tissue of the skin. 
These interstitial Ia-positive dendritic cells could present an-
tigen like dendritic cells in spleen and lymph nodes [ll) . Thus 
it is important to investigate the alloantigenicity of epidermal 
cells and epidermal LC that are devoid of dermal contaminants. 
In order to investigate the alloantigenicity of epidermal cells 
and epidermal LC, we used epidermal cell suspensions; experi-
ments were performed to try to induce DTH to alloantigens by 
the s.c. administration of epidermal cells. 
The experiments presented in this report establish the pre-
cise conditions for the induction of DTH response to alloanti-
gens using epidermal cells. Transfer experiments have shown 
that effector cells were Thy-1 +, Lyt-1 +, and Lyt-T cells. Fur-
thermore, experiments using congenic strains of mice and 
grafted skin revealed the contributions of (1) the gene products 
coded by MHC and non-MHC, and (2) epidermal LC, in the 
induction of DTH. 
MATERIALS AND METHODS 
Mice 
Female C3H/He, BALB/c, C57BL/6, 810, B10.BR, B10.D2, A/J, 
BlO.A, and (C3H X BALB/C)F1 mice were obtained from Shizuoka 
Agricultural Cooperative Association for Laboratory Animals, Hama-
matsu, Japan. Female A.TL mice were generously supplied by Dr. Uki 
Yamashita, Immunology Department, University of Occupational and 
Environmental Health , Japan. All mice used were 8-20 weeks of age. 
Antigen 
2,4,6-Trinitrochlorobenzene (TNCB) was purchased from Tokyo 
Kasei Kogyo, Tokyo, Japan. 
Preparation of Cell Suspensions 
Epidermal cells (EC), spleen cells (SC), and lymph node cells were 
prepared as previously described [12] . These cells were then utilized 
for in vivo experiments. SC, but not EC, were treated with 2000 rad 
irradiation at least once in every set of experiments. 
S ensitization 
Sensitization for a llogeneic DTH and for TNCB were carried out 
according to procedures described elsewhere [1 2]. 
Foot Pad Swelling Test 
Seven days after s.c. injection, 4 X 106 SC were injected in a volume 
of 0.04 ml intradermal ly into the left hind foot pad of sensitized and 
control mice with a tuberculin syringe and a 27-gauge needle. Foot pad 
swelling was quantitated with a micrometer (Ozaki Engineering, Tokyo, 
Japan) and compared to the thickness of the same foot pad as assessed 
prior to challenge. 
Skin Urafting 
Full -thickness skin grafts were prepared and grafted orthopically 
according to the method previously described [8] . 
Antisera 
Thy-1.2 antiserum, Lyt-1.2 antiserum, and Lyt-2.2 antiserum were 
purchased from Cedarlane Laboratories and were used at a dilution of 
1:20, 1:20, and 1:500, respectively. Low-tox -M rabbit complement was 
obtained from Cedarlane Laboratories and was used at a dilution of 
1:10. 
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Transfer of DTH Reaction 
~ Spleen cells or lymph node cells from sensi t ized mice were trans-t~rred by i.v. injection into normal mice. Two hours afte r transfer, 
h. ese mtce were InJected wtt.h 4 x 106 SC mtradermally in to the left 
tnd foot pad. Foot pad swelling was measu red 24 h late r. 
Histology of Foot Pad Responses 
. The feet of mice in which responses were elicited 7 days after 
Immunization were removed a nd placed in buffered 10% forma lin . 
Statistical Analysis 
valThe Student t-test was used to assess diffe~ences in reactivity. A p 
ue of less than 0.05 was constdered Stgmltcant. Each experiment ~as performed 2- 4 times. Four to six mice were used in each group. 
epresentattve results a re presented. 
RESULTS 
A
lnduction of DTH Reaction U:;ing Subcutaneously Injected 
llogen.eic Epidermal Cells 
fTo define the optimal dose of EC required for the induction ? DTH, 10", 10'\ 5 X 106 , 107, or 4 X 107 C3H EC were injected ~~to various groups of BALB/c mice via the s.c. route. Seven 
Ys late r, foot pad swelling was assessed. Foot pad swellin cr ~eached a _maximum when 5 x 101; or more cells were given (Fi; 
/Therefore, 111 subsequent experiments, 1 X 107 EC were used ~;the induction of DTH. Kinetics afte r priming with 1 x 107 
th l-1 EC for a DTH response revealed that t he response was 
e greatest on day 7; subsequen t experiments were performed 0 11 day 7 (data not shown). 
Tirne Course of Foot Pad Swelling Elicited with Spleen CelL5 
Poot pad swel ling of BALB/c mice, sensitized by s.c. injection ~~h 1 ~ 107 C3H EC 7 days ea rlier? ~as _measured at various 
es alter challenge. At 24 h after 111Jectwn, a peak response :~s observed (Fig 2). No significant response was observed at 
24 h.At 48 h, the response was much less in te nse than t hat at 
Histology of Foot Pad Responses 
Pa~n orde_r to determine the types of cells invol~ed _in the ~oat 
With swel!mg responses, f~ot pads of BA~B/c m1ce unmumzed 
the C3H EC 7 days before were exammed l11Stologically. In 
rno Pos1t1ve foot pad swe llin~ responses, t here was a marked 
Ph nonuclea r ce ll mfil t rate w1th a sma ll number of polymor-sh~nuclea r ~e ll s in t he expe rimental group. The control fee t 
p Wed constderably fewer of such ce ll s. Thts observation sup-
tYports the notion that the elicited response is, in fact, a delayed-
e reactiOn. 
Foo t Pad Swellmg (X I 0 1 mm) 
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s.cFIG 1. J?ose response of C3H epidermal ce lls (EC) injected via the zati~~ute _for sensitization of BA LB/c mice. Seven days after sensiti-
Was ' 11ltce were cha llenged with 4 x 106 C3 H SC. Foot pad swelling 
SEMmeasured 24 h late r. Bars in this a nd subsequent figures represent 
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FIG 2. Time course of foot pad swelling elicited with SC. BALB/ c 
mice, sensitized with 1 X 107 C3H EC 7 days before, were challenged 
wi t h 4 x 106 SC. Foot pad swelling was measured after SC injection. 
Solid line represents sensitized mice and broken line represents nonsen-
sitized mice. 
Foot Pad Swelling ( X l 0 2 rnrn ) 
sen s1!1 za tt on 10 20 30 40 
chall enge onl y :B---l 
C3 H EC 
C3 H SC 
FIG 3. Induction of DTH by s.c. injection of EC and SC. C3H EC 
or SC (1 x 107) were injected via the s.c. route and foot pad swelling 
was measured 24 h later. 
Subcutaneous Injection of EC and SC for the Induction of 
DTH 
Since allogeneic SC had been previously shown to have the 
capability of inducing DTH [5,13], we compared EC and SC 
using 1 X 107 cells from C3H mice. Although both cell types 
induced DTH in BALB/c mice, the s.c. administration of EC 
induced appreciably stronger DTH compared to the s.c. injec-
tion of SC (Fig 3). Further experiments examining t he relative 
effectiveness of EC and SC for the presentation of a lloantigens 
demonst rated that mice injected with 1 X 106 EC induced DTH 
response of 27.4 ± 3.7 x 10- 2 mm, whereas mice injected with 
5 X 107 SC induced DTH responses of 18.8 ± 2.4 X 10- 2 mm 
(p < 0.05) . EC induced DTH responses of 38.0 ± 3.1 X 10-2 
mm at doses of 5 X 107 cell s. Thus EC seem to be more efficient 
for the presentation of alloantigens than are SC. 
Passive Transfer of DTH Induced by S ubcutaneous Injection. 
ofSC 
To identi fy the effector cells that transfer DTH, 1 X 108 SC, 
or 5 X 107 SC and 5 X 107 lymph node cells, from sensitized 
BALB/c mice, were transferred into naive BALB/c mice. Al-
though those numbers of cells failed to t ransfer DTH, 2 x 108 
SC or 1 X 108 lymph node cells from sensitized BALB/c mice 
regularly transferred DTH (data not shown). Therefore, 2 X 
106 SC were used in subsequent passive t ransfer studies. 
Thy- 1.2 Positive Cells Passively Transfer A llogeneic DTH 
To define the nature of the effector cells which transfer 
DTH, BALB/c SC from mice sensi t ized with EC were treated 
with anti -Thy-1.2 antiserum and complement. After washing, 
these SC were transferred by i.v. injection into normal 
BALB/c mice and foot pad swelling was assessed 24 h later. 
The results show that anti-Thy-1.2 and complement treatment 
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abrogated the capability of these cells to transfer DTH (Fig 4), 
which indicates that the effector cells are mainly T cells. 
Lyt-J+, Lyt-2- Cells Are Responsible for the Passive Transfer of 
DTH 
To define the phenotype of these T cells that are responsible 
for transferring DTH, the transferred cells were treated with 
anti -Lyt-1.2 antiserum or anti-Lyt-2.2 antiserum and comple-
ment. Anti-Lyt-1.2 antiserum treatment abrogated the capa-
bility of these cells to transfer DTH, and anti-Lyt-2.2 antiserum 
did not influence the foot pad swelling (Fig 5). Anti-Lyt-2.2 
and complement treatment of responder cells abrogated the 
abi li ty of haptenated cells to generate a cytotoxic T-cell re-
sponse (data not shown). 
Specificity of DTH Induced by Subcutaneous Injection of EC 
To define the specificity of the DTH reaction in BALB/c 
mice, the following experiments were performed. BALB/c mice 
sensitized with C3H EC showed marked DTH when foot pad 
swelling was assessed using C3H SC rather than BALB/c SC 
(Fig 6). These mice, however, showed significant but apprecia-
bly lower reactivity when foot pad swelling was assessed using 
C57BL/6 SC. Likewise, BALB/c mice sensitized with C57BL/ 
6 EC showed marked swelling when challenged with C57BL/6 
SC, and significant but appreciably less swelling when chal-
lenged with C3H SC. No significant swelling was observed 
C3H EC 
C3 H EC 
C3H EC 
cha ll enge only 
Spleen cell s 
( nontrca ted) 
Spleen cell s 
( nms I C) 
Spleen cell s 
( o Thyl2 1 C) 
Foo l Pad Swe lli ng ( X l 0 2 mm ) 
FIG 4. Thy-1.2 cells passively transfer a llogeneic DTH. SC from 
BALB/c mice sensitized with C3H EC were transferred to na ive 
BALB/c mice after treatment. 
sens1t1zat1on cel ls transferred 
C3H EC 
C3 H EC 
C3H EC 
challenge onl y 
Spleen cel ls 
( nms 1 C) 
Spleen cell s 
( o Lyt I 2 I C) 
Spleen cell s 
( o ly1 22 t C) 
Foot Pad Swellmg ( X l 0 2 rnrn ) 
10 20 
FIG 5. Lyt-1 +, Lyt-2- cells are responsible for the passive transfer 
of DTH. SC from BALB/c mice sensitized with C3H EC were trans-
ferred to naive BALB/c mice after treatment. 
Foot Pad Swelhng ( A I 0 1mm ) 
scns•t• zat•on challenge 10 20 30 40 50 60 
C3 H C3H 
C3H BALB / C :::th 
C3H C5 7BL/6 
C57BL/ 6 C3H 
C57BL/ 6 BALB/ C :::B-t 
C5 71lL/ 6 C5 7BL/ 6 
C3 H ~ 
BALB/ C ::::8-< 
C5 7BL/ 6 :HJ 
FIG 6. Specificity of DTH in BALB/c mice. C3H EC or C57BL/6 
EC (l x 107) were injected via the s.c. route and foot pad swelling was 
elicited with C3H, C57BL/6, or BALB/c SC. 
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when BALB/c SC were used. X-ray irradiation (2000 rad) of 
SC prior to injection into foot pads did not inf1uence these 
results. 
Both H-2 and Non-H-2 Antigens Induce DTH 
To further analyze and compare the DTH reactions evoked 
by C3H and C57BL/6 cells in BALB/c mice, experiments were 
performed to determine whether both H-2 and non-H-2 anti-
gens contribute to the induction of DTH. Table I shows the 
inbred mouse strains used. As shown in Table II, either H-2 or 
non-H-2 antigens were sufficient to induce DTH. The results 
also show that a DTH reaction to both H-2 and non-H-2 
disparities was greater than to either H-2 or to non-H-2 anti-
gens alone. This finding may simply reflect the number of 
antigens involved. From these data, the resu lts obtained be-
tween C3H and C57BL/6 in BALB/c mice depicted in Fig 6 
would be attributable to shared non-H-2 antigens between C3H 
and C57BL/6 mice. 
Further congenic combinations were tested for the induction 
of DTH (Table III). DTH response resulted from K end, but 
not D end disparities. DTH reactions could also be detected to 
determinants coded for by the I region (Table III). These results 
suggest that alloantigens coded for by the K end of H-2 and by 
the I region but not by the D end of H-2 are sufficient to induce 
DTH. A contribution from the K region product in the induc-
tion of DTH, however, is not clear in these experiments, since 
limited numbers of strain combinations were used. The impor-
tance of a lloantigens coded for by the I region in the induction 
of DTH indicates that epidermal LC would be sufficient to 
induce DTH, since LC are the on ly EC within normal EC 
suspension which express Ia antigens [7] . 
Epidermal LC are Sufficient to Induce DTH 
To examine the possibility that epidermal LC play an im-
portant role in the allogeneic DTH reaction, BALB/c mouse 
skin transplanted onto (C3H X BALB/c)F, mice was taken 81 
days later and EC suspensions were prepared and injected into 
BALB/c mice via the s.c. route. In a previous study, we and 
others showed that parental skin grafted onto F1 animals was 
repopulated by LC of recipient origin within 50 days (8] or 
earlier (14]. Thus, within this EC suspension LC would express 
the gene products of C3H X BALB/c (host) origin and the 
remaining EC would express gene products of BALB/c origin. 
When these EC were injected into BALB/c mice via the s.c. 
route, significant foot pad swelling was observed, although it 
was significantly lower than that obtained by the s.c. injection 
ofEC from (C3H X BALB/c)F, mice (Table IV). These results 
indicate that epidermal LC play an important role in the 
induction of allogeneic DTH. Differences in the induction of 
DTH reactions between grafted skin and skin from mice with 
only Ia differences are attributable to the fact that the re-
populated LC express H-2 and non-H-2 antigens as well as Ia 
antigens and are therefore sensitizing for H -2, Ia, and non-H-
2 antigens. 
DISCUSSION 
The importance of !a-bearing epidermal LC in skin graft 
rejection has been implied. Strei lein eta! [15] have shown that 
TABLE I. MHC haplotypes in inbred congenic moU!>·e strains used 
H-2 MHC regions Mouse strains haplotype H-2K 1-A 1-E H -20 
BlO.BR k k k k k 
C3H k k k k k 
810 b b b b b 
B10.D2 d d d d d 
BALB/c d d d d d 
B10.A a k k k d 
A/J a k k k d 
A.TL tl s k k d 
July 1985 EPIDERMAL CELLS IN ALLO-DTH 23 
TABLE II. Ability of both H-2 and non-H-2 antigens to induce DTH 
Foot pad 
Mice for 
sensit i1.a l ion 
Cells given for 
sens iti zation Region of 
swelling 
p va lue 
and challenge difference Naive Sensitized 
mice mice 
A/ J Non-H-2 0.4 ± 0.4 18.8 ± 1.2 <0.001 
C3H Non-H-2 0.2 ± 0.2 17.0 ± 4.3 < 0.01 
Bl O. A 
Bl O.BR 
BALB/c 
BJO.BR 
C3H H-2 and non-H -2 1.5 ± 1.5 30.0 ± 3.4 <0.001 
B10.D2 H-2 0.4 ± 0.4 15.2 ± 1.4 <0.001 
TABLE Ill. DTH to distinct H-2 regions 
Mice for 
sens iti zation 
BlO.A 
BlO.A 
B10.A 
BJO.D2 
B10.0 2 
810.02 
B10.0 2 
Ce lls given for 
sens itization 
810 
BlO.D2 
B10.BR 
BlO.A 
BlO.BR 
B10.A 
B10.BR 
Cells given for MHC 
challenge difference 
810 K, I, 0 
B10.D2 K, l 
B10.BR D 
A.TL I 
A.TL I 
BlO.A K, I 
B10.BR K, 1, 0 
Foot pad swelling 
Naive Sensitized p value 
mice mice 
1.8 ± 0.6 16.0 ± 5.0 <0.05 
2.3 ± 1.3 9.5 ± 1.8 <0.05 
1.3 ± 0.5 1.3 ± 0.8 N.S. 
2.0 ± 0.7 5.8 ± 0.7 <0.01 
2.0 ± 0.7 6.8 ± 0.5 <0.001 
3.7 ± 0.9 10.0 ± 1.7 <0.05 
2. 7 ± 0.9 13.0 ± 2.9 <0.05 
TABLE IV. The role of epidermal LC in DTH induction in BA LB/c mice 
G roups 
2 
3 
a vs b: p < 0.05. 
Cells given fo r 
sens iti zation 
BALB/c on (C3H x BALB/c)F, 
(C3H x BALB/c)F, 
corneal t ra nspla nts, which a re na turally devoid of LC, a re 
accepted only when I region dispa rity preva ils , but a re rejected 
when a K region diffe rence exists. They al so have s hown that 
tape-stripped skin grafts, which ac hieved a lmost complete de-
pletion of epiderm a l LC, reduced, to a cons iderable degree, t he 
Ia- immunogenicity of skin gra fts [16]. W oodward et a ] [1 7] 
have shown , us ing radiat ion chimeras, t hat bone ma rrow-de-
rived Ja+ cells in donor skin (presum ably L C) a re sufficient by 
themselves bu t not necessa rily required fo r a ll ograft immuno-
genicity if appropriate a nt ige nic differences a re expressed on 
the remainder of t he E C. Chen a nd Silve rs [18] a lso reported 
that LC play a n important ro le in t he rejection of H -Y incom-
patible skin gra fts in BN rats. All t he data, however, so fa r 
obta ined came from experiments using whole s kin, which con -
ta ins both epiderm is and de rmis. 
In order to directly determine t he ro le of E C a nd epiderm al 
LC in t he induction of a ll ogeneic DTH, we used EC suspens ions 
fo r sensit ization. Allogeneic EC were injected via t he s .c. route 
and their immunogenicity was measured by foot pad swelling. 
Allogeneic epide rmal ce ll s could induce foot pad swelling as 
assessed by t he intraderma l injection of SC. Time course ex-
periments, hi stology , a nd t ra nsfe r experim ents have shown t hat 
this reaction is DT H. EC showed more foot pad swelling at a 
sensiti zing dose of J x 106 ce lls t han 5 x 107 SC, which indicates 
that E C have greate r immunogenicity t ha n do SC in t he induc-
t ion of DTH to a ll oa ntige ns. 
DTH induced by s.c. injection of all ogeneic E C was t ra nsfe r-
able to na ive mice by SC as well as by lymph node ce ll s. 
Transfe r experim ents have shown t hat t hese effecto r ce lls a re 
T hy- 1+, Lyt- 1+, Lyt-z- ce ll s, which indicate t hat Lyt-1 +, 
Lyt-2- T ce ll s mediate t his OTH reaction. 
Specific ity studi es have shown tha t BALB/c mice sens it ized 
wi th C3H E C a nd C57 BL/6 E C showed ma rked fo ot pad 
swe lling when cha llenged with C3 H SC a nd C57BL/ 6 SC 
(respective ly). When rec iproca l, sens it ization a nd cha ll enge 
were performed, the re was less but still significan t foot pad 
swe lling induced . Furt her experiments have shown t ha t both 
H -2 and non-H -2 a nti gens could induce DTH reaction . These 
resul ts suggest tha t the DTH reaction obse rved between C3H 
Cells given for 
challenge 
C3H 
C3 H 
C3H 
Foot pad swelling 
20 ± 4. 2" 
35.8 ± 3.6b 
0.8 ± 0.5 
p va lue 
<0.01 
<0.001 
and C57B L/6 would be attributable to t heir sha red non-H -2 
an t ige ns. 
We assessed t he relat ive contributions of va rious MHC gene 
products in the induction of DTH using congenic stra ins of 
mice. The greatest reactivit ies occurred wi t h whole H-2 dispa r-
it ies, and DTH responses were not observed when mice diffe r-
ing a t t he D end of H -2 were used. Al t hough limited strain 
combinations were used, it is clear that a lloant igens coded for 
by t he I region could induce s ignificant but weak DTH reac-
t ions. Our resul ts al so suggest t hat epidermal LC a re sufficient 
to induce DTH, s ince epidermal LC a re t he only cell population 
in t he epidermis which express Ia ant igens (7]. These resul ts 
a re supported by t he experiments using grafted skin . EC taken 
from t he grafted skin [BALB/c --> (C3H X BALB/c)Fd could 
induce marked foot pad swelling, a lt hough DTH react ions 
assessed by t he foo t pad swelling was less t han t hose induced 
by E C taken from (C3H x BALB/c)F, mice. Epidermal LC 
from grafted skin would be of recipient origin and only LC 
express t he gene products of C3H origin as well as BALB/ c 
origin. The DTH reactions induced by t hese cells, t herefore, 
are att ributable to epide rmal LC. 
Thus, t hese studies document t he induction of DT H to 
a lloant igens by s.c. injection of E C, and have shown t hat 
epidermal LC play an important rol e in t he induction of DTH 
reactions to a lloantigens. 
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